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Abstract Several pigments and vat dyes were used for investigating changes in the reflective behavior
of printed brown and khaki cotton/polyester (65/35) fabrics in Vis/near IR (NIR) bands. Reflectance,
light, rubbing, washing fastness, and colorimetric values of treated samples with TiO2 nanoparticles and
carbon black powder were evaluated. The results show that NIR reflectance of brown and khaki printed
fabrics was reduced by presence of TiO2 in printing formulations. Carbon black particles significantly
change the visible appearance of the printed samples, rather than TiO2 nanoparticles, even at low
concentration.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
New materials are being developed with coloration prop-
erties in the UV/Vis/NIR region of the electromagnetic spec-
trum [1–3]. Coating fabrics with these materials are being used
for various applications that give them distinctive properties.
By developing acquisition devices, it is essential tomanipulate a
method that can protect objects from detection by various sen-
sors in awide spectral range. Textiles are usedwidely as a cover-
upmedium in the form of wraps and clothing items. Simulation
of natural or synthetic backgrounds in a visible waveband is be-
ing tried to mimic colors, patterns and textures. The hues used
in most cover-up patterns are green, olive, khaki, brown and
black [4,5]. In addition to the Vis region, it is essential for cover-
up patterns to be painted or printed having NIR reflectance val-
ues similar to those of the background, in respective shades.
So, with the advent of NIR sensitive equipment, such as night
vision devices, it becomes essential to take into account the
IR reflectance of paints and garments in 700–1300 nm. Each
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doi:10.1016/j.scient.2012.04.016color of a pattern has a specific reflectance value [6]. All ob-
jects have a definite reflection percentage in the NIR region.
For example, the infrared reflectance of some natural materi-
als is as follows: greenish foliage: 50%–70%, sand: 30%–40%, and
concrete: 40%–50%. Much research has been done on the syn-
thesis, formulation and application of colorants, because of the
sensitive nature of NIR reflectance [7–9]. Colour can be mea-
sured with CIE chromaticity coordinates (a∗, b∗, L∗) and color
differences (1E) in the visible spectral range, or in terms of
spectral reflectance (in visible and NIR spectral ranges), using a
spectrophotometer. It is relatively difficult to achieve NIR cover
on the same fabrics, especially when synthetic fibers, such as
polyamide, polyester and their blends with natural fibers, are
used [10].
Pigments are inorganic or organic substances that are used
to impart certain properties, such as colour, opacity, corrosion
inhibitor andmechanical rigidity. The appearance of the coating
can be changed by selective absorption or by the scattering of
light by pigment [11].
In this study, the effect of TiO2 nanoparticles and carbon
black powder on the reflective behavior of cotton/polyester
fabric was studied.
2. Materials and methods
Plain weaved Co/PE (65/35) fabrics (180 gm−2) were
supplied from YazdBaf company in Iran. Anatase nano-powder
evier B.V. Open access under CC BY-NC-ND license.
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Commercial name of pigment Commercial name of vat dyes
Pigment green FB Brown 2BAN
Pigmentex brown R Yellow RL
Pigment yellow FG Brilliant Green
Impron black P-NG –
Titanium dioxide –
Carbon black –
Figure 1: NIR reflectance behavior of khaki-printed fabrics with different
concentrations of TiO2 nanoparticles and 0.1 g/kg carbon black.
of titanium dioxide (<80 nm particle size) and carbon black
were purchased from Sigma Aldrich.
The samples were printed with a conventional pigment
printingmethod, using a stock paste ofwater/oil. A vinyl-acrylic
binder was used in the formulation of stock paste. Brown and
khaki print formulations were used to mimic visible and NIR
reflectance behavior of the desert.
The behavior of printed fabric with vat dyes, such as
indanthrene dye, was investigated in Vis and NIR regions.
In printing formulations, anatase TiO2 nanoparticles
(<80 nm) and carbon blackwere also added to investigate their
effect on the reflective behavior of the printed samples. Table 1
shows different dyes used in the printing formulation.
2.1. Measurement
The reflective behavior of printed fabric in the vis/NIR re-
gionwasmeasured by a Jasco ARN-570 reflectance spectropho-
tometer. The reflectance of different samples was investigated
in comparison with the reflection of fabrics that have been
matched with the appearance of a desert background.
Color value printed samples in the visible region were
also measured between 400–700 nm under a D65/10° illu-
minant/observer using a Gretag–Macbeth ColorEye 7000 A
reflectance spectrophotometer. Color difference (1E∗ab) was de-
termined using Eq. (1):
1E∗ab =

1a∗2 +1b∗2 +1l∗2. (1)
In this system, L∗ means lightness, a∗ represents red-
ness–greenness, and b∗ represents yellowness–blueness.
2.2. Washing and light and rubbing fastness
Washing fastness and rubbing fastness was done according
to ISO 105 C10 (2006) and ISO 105-X12 (1993), respectively.
Sampleswere exposed to high intensity light for 72 h, according
to ISO 105 B02 (1989), to evaluate light fastness. A blue scaleFigure 2: NIR reflectance behavior of brown-printed fabrics with different
concentrations of TiO2 nanoparticles and 0.01 g/kg carbon black.
is selected for evaluating light fastness. 1 has the worst light
fastness and 8 is the best.
3. Results and discussion
3.1. Color measurement
The color value of all printed samples was measured by
a reflectance spectrophotometer in the visible region of the
spectrum. The results in Table 2 show that adding TiO2 particles
and carbon black to the printing formulations leads to a
significant color difference.With an increase in TiO2 and carbon
black, color differences (1E∗ab) increase. In addition, Table 2
shows that there is no significant rule between the color change
of printed fabric with TiO2 and carbon black.
3.2. Effect of TiO2 nanoparticles and carbon black on reflectance of
printed fabrics with vat dyes
The percentage of reflectance of printed samples with
vat dyes in different colors and different quantities of TiO2
nanoparticles and carbon black is presented in Table 3.
Table 3 illustrates that the percentage of reflectance of
printed samples with vat dyes in different concentrations of
TiO2 and carbon black is not different from the printed fabric
having no pigment.
3.3. Effect of TiO2 nanoparticles and carbon black on reflectance of
printed fabrics with pigment dyes
Different concentrations of anatase TiO2 nanoparticles
(<80nm)were added to the printing pastes, followedby20min
mixing in a disperser. Colored paste contained the predefined
quantity of the colored pigments, which could finallymatch the
original visible and NIR reflectance spectrum of the reference
(blue lines in Figures 1 and 2).
Figure 1 presents the reflectance of khaki-printed fabrics
containing different quantities of TiO2 nanoparticles and carbon
black. There is a broad and flat absorption peak for khaki printed
fabrics at around 940–1150 nm at NIR. Low quantities of TiO2
nanoparticles and carbon black in khaki printed areas could
diminish overall NIR reflectance; it could overhaul the original
khaki reflectance level.
Figure 2 illustrates the reflectance behavior of brown
printed fabrics containing different concentrations of TiO2
nanoparticles and carbon black. As seen, adding inorganic
pigment to the brown-printed fabric has decreased the level of
reflectance over the NIR region in the printing paste.
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Printed fabric Type of pigment Amount of pigment in
printing paste (g/kg)
Color characteristic 1E∗
L∗ a∗ b∗
Brown printed (vat dye) – 0 45.691 10.942 25.610 –
TiO2 0.01 46.916 10.745 24.569 1.619
TiO2 0.05 46.470 10.165 24.423 1.618
Carbon black 0.01 48.748 8.897 23.923 4.046
Carbon black 0.05 48.830 8.165 23.153 4.858
Khaki printed (vat dye) – 0 80.778 −7.121 14.204 –
TiO2 0.01 79.878 −6.925 12.155 2.24
TiO2 0.05 80.075 −7.014 13.632 0.912
Carbon black 0.01 82.024 −5.785 9.926 4.633
Carbon black 0.05 82.899 −5.590 9.674 5.231
Brown printed (pigment) – 0 46.081 9.992 26.493 –
TiO2 0.01 46.054 8.706 25.479 1.637
TiO2 0.05 45.439 9.665 25.374 1.330
Carbon black 0.01 47.768 9.087 24.654 2.654
Carbon black 0.05 48.098 8.978 24.576 2.961
Khaki printed (pigment) – 0 81.746 −6.893 14.870 –
TiO2 0.01 79.400 −5.389 12.941 2.856
TiO2 0.05 81.262 −5.734 14.243 2.301
Carbon black 0.01 83.530 −5.246 12.941 3.101
Carbon black 0.05 82.158 −6.436 13.878 1.167Table 3: Percentage of reflectance of printed fabric with vat dyes in concentration of TiO2 and carbon black in 750–1100 nm.
Concentration of pigment 0 (%) 0.01 (g/kg) TiO2 (%) 0.05 (g/kg) TiO2 (%) 0.01 (g/kg) carbon
black (%)
0.05 (g/kg) carbon
black (%)
Brown printed with vat dye 37–72 41–74 40–75 35–80 27–78
Khaki printed with vat dye 75–87 75–85 75–81 65–80 60–80Figure 3: Dependence of the dominant NIR spectral reflectance of black colour
on the type of dye.
Figure 3 shows thedifference in reflectance of fabrics printed
with vat dye and pigment dye. As a result, printed fabrics with
pigment dye have a low percentage of reflectance.
3.4. Fastness properties
The results indicate that all printing products using different
quantities of TiO2 and carbon black have excellent light
fastness (7–8). Also, the dry rubbing fastness of printed samples
with TiO2 nanoparticles and carbon black was in the range
of 4–5.
Wash fastness for all printed fabrics with nanoparticle
titanium dioxide and carbon black was 4–5. Thus, by increasing
the amounts of TiO2 and carbon black, no changes were
observed in color fastness. So, it would be expected that there is
sufficient linking between the fiber and pigments, even at low
absorption.4. Conclusion
The purpose of this study is to investigate the reflectance
behavior of printed cotton/polyester fabrics with pigment and
vat dyes printing pastes containing different loads of TiO2
nanoparticles and carbon black.
It was found that the reflective behavior of printed fabrics
in the NIR region with vat dyes is higher than with pigment
dyes. In addition, according to the values for TiO2 nanoparticles
and carbon black in the printing pastes, the NIR reflectance
reduces.
Increasing both TiO2 nano particles and carbon black in the
printing paste did not negatively affect the light, rubbing, and
washing fastnesses of the fabrics, and all were noticeably good.
Both TiO2 and carbon black particles could increase the
visual color difference (1E) of samples compared to samples
without them.
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